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Abstract: In this paper, the new detection scheme proposed by 
Tarokh and Alamouti is investigated and expanded to two 
schemes of two transmit two receive antennas and four transmit 
one receive antennas. Previously, Tarokh and Alamouti, based on 
the simple transmit diversity scheme proposed by Alamouti, have 
provided two new detection methods to decode signals at the 
receiver without channel information. We expand their work to 
two and four transmit antennas with different number of receive 
antennas. We also demonstrate that the two methods are in fact 
the same with one being a special case of the other. The theory 
and detailed derivation of detection formulas for three cases, 
Tarokh and Alamouti work, two transmit two receive antennas 
and four transmit one receive antennas are presented.   
I.
 
INTRODUCTION  
In the past few years, Multiple-Input Multiple-Output 
(MIMO) wireless communications have received much 
interest of research. Multiple antennas are employed at both 
the receiver and the transmitter in a MIMO communication 
system. Space-time block coding has emerged as one of the 
major techniques. Full transmit diversity is achieved with 
space-time block coding and the maximum likelihood 
decoding algorithm at the receiver for this technique is very 
simple. 
Decoding space time codes requires channel state 
information (CSI). In practice, due to the changing 
environment, an estimation of the channel has to be made to 
extract the received signal. Orthogonal pilot sequences are 
often used for channel estimation in the literature [5].  
The use of pilot sequences at the beginning of the 
transmission was exploited by Tarokh and Alamouti in [1] 
where the first transmitted symbols are the pilot then followed 
by the data in the next sequence. Indeed, in [1], a new 
detection scheme for transmit diversity was proposed. Two 
methods were presented, however formulations have not been 
given. The work was based on the simple transmit diversity 
technique proposed by Alamouti in [2], with only two transmit 
antennas and one receive antenna considered. The new scheme 
does not require channel state information to decode the 
received signal, which is an attractive feature.  
The above has motivated us to consider the detection 
scheme further. Indeed, in this paper, we will, through detailed 
derivation of detection formulas, prove that the first new 
detection method proposed in [1] is actually a special case of 
the second. In addition, Tarokh and Alamouti’s work 
presented in [1] will be expanded to systems with two transmit 
and two receive antennas and to four transmit antennas with 
one receive antenna. 
First, a review of the simple transmit diversity scheme 
proposed in [2] will be made. Then, the new detection method 
proposed by Tarokh and Alamouti will be derived thoroughly 
and next, it will be demonstrated that the first method of [1] is 
simply a special case of the second. This will be followed by 
the extension of the method to a MIMO scheme composed of 
two transmit and two receive antennas and to the four transmit 
antennas case. Conclusions will be drawn in the last section. 
 
II. A REVIEW OF ALAMOUTI’S SCHEME 
 
In this section, the method described in [2] is reviewed. 
Figure 1 shows a wireless communication systems with two 
transmit antennas and one receive antenna. Alamouti scheme 
contains three main operations: transmission, combination and 
detection. 
 
Figure 1. The two-branch transmit diversity scheme with one receiver [2] 
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With the help of figure 1, it can be seen that at time t, two 
signals are sent from the transmitter at the same time. The two 
signals transmitted from antennas 0 and 1 are s0 and s1
respectively. Then at time t+T where T is the symbol period, 
the signals (-s1*) and (s0*) are transmitted from antenna 0 and 
1 respectively. These sequences are summarized in table I.  
TABLE I: THE ENCODING AND TRANSMISSION SEQUENCE FOR 
THE TRANSMIT SYMBOLS 
           Antenna 
Time Tx 0 Tx 1 
t s0 s1
t+T -s1* s0*
Moreover, as it can be seen from figure 1, the transmission 
of each signal is through a channel described as h0 and h1 for 
antenna 0 and 1 respectively.  
During transmission, noise is also added to the signal. 
Therefore, the received signals can be obtained as: 
ݎ଴ ൌ ݎሺݐሻ ൌ ݄଴ݏ଴ ൅ ݄ଵݏଵ ൅ ݊଴
ݎଵ ൌ ݎሺݐ ൅ ܶሻ ൌ െ݄଴ݏଵכ ൅ ݄ଵݏ଴כ ൅ ݊ଵ
(1)
where n0 and n1 represent the complex noise and interference.  
The combiner shown in figure 1 then combines the signals 
as: 
ݏ଴෥ ൌ ݄଴כݎ଴ ൅ ݄ଵݎଵכ
ݏଵ෥ ൌ ݄ଵכݎ଴ െ ݄଴ݎଵכ
(2)
Substituting r0 and r1 in (1) into (2), we obtain: 
ݏ଴෥ ൌ ሺȁ݄଴ȁଶ ൅ ȁ݄ଵȁଶሻݏ଴ ൅ ݄଴כ݊଴ ൅ ݄ଵ݊ଵכ
ݏଵ෥ ൌ ሺȁ݄଴ȁଶ ൅ ȁ݄ଵȁଶሻݏଵ െ ݄଴݊ଵכ ൅ ݄ଵכ݊଴
(3)
The two signals ݏ଴෥  and ݏଵ෥  coming from the combiner are 
then sent to the maximum likelihood detector. The detection 
rule for PSK signals is given in (4). 
݀ଶሺݏ଴෦ǡ ݏ௜ሻ ൑ ݀ଶሺݏ଴෦ǡ ݏ௞ሻ׊݅ ് ݇
݀ଶሺݏଵ෦ǡ ݏ௜ሻ ൑ ݀ଶሺݏଵ෦ǡ ݏ௞ሻ׊݅ ് ݇
(4)
where d2(x,y)=(x-y)(x*-y*) 
III. THE NEW DETECTION METHOD AND
DERIVATION 
As in [1], the assumption that the fade is constant over 
every 4 consecutive transmissions is made. Moreover, it is 
assumed that the signals s0 and s1 are known by the receiver as 
well as the received words r0, r1, r2, r3, r4, r5. Equations of the 
received words with transmitted signals s0, s1 and s2, s3 can be 
found in (5) and (6) respectively: 
ݎ଴ ൌ ݎሺݐሻ ൌ ݄଴ݏ଴ ൅ ݄ଵݏଵ ൅ ݊଴
ݎଵ ൌ ݎሺݐ ൅ ܶሻ ൌ െ݄଴ݏଵכ ൅ ݄ଵݏ଴כ ൅ ݊ଵ
 (5)
ݎଶ ൌ ݎሺݐ ൅ ʹܶሻ ൌ ݄଴ݏଶ ൅ ݄ଵݏଷ ൅ ݊ଶ
ݎଷ ൌ ݎሺݐ ൅ ͵ܶሻ ൌ െ݄଴ݏଷכ ൅ ݄ଵݏଶכ ൅ ݊ଷ
(6)
The aim of this new detection method is to detect the two 
transmitted signals s2 and s3. Then, when those two signals are 
known, it will be possible to repeat the process in order to 
compute s4 and s5. The scheme needs only to know the two 
first transmitted symbols in order to compute the two 
following. With s4 and s5, it will be possible to find s6 and s7
and so on. 
The first step for the receiver is the estimation of the 
channel h0 and h1. By writing (5) in the matrix format, it can 
be easily seen how estimation can be performed. 
ቂ
ݎ଴
ݎଵቃ ൌ ቂ
ݏ଴ ݏଵ
െݏଵכ ݏ଴כ
ቃ ൤
݄଴
݄ଵ
൨ ൅ ቂ
݊଴
݊ଵቃ (7)
Using (7) with the noise vector being dropped, we can 
obtain the following MMSE channel estimation. 
ቈ
݄଴෪
݄ଵ෪
቉ ൌ
ͳ
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
൤
ݏ଴כ െݏଵ
ݏଵכ ݏ଴
൨ ቂ
ݎ଴
ݎଵቃ (8)
Equation (8) can be written as  
݄଴෪ ൌ
ݎ଴ݏ଴כ െ ݎଵݏଵ
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
ൌ ݄଴ ൅
ݏ଴כ݊଴ െ ݏଵ݊ଵ
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
݄ଵ෪ ൌ
ݎ଴ݏଵכ ൅ ݎଵݏ଴
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
ൌ ݄ଵ ൅
ݏଵכ݊଴ ൅ ݏ଴݊ଵ
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
(9)
Equation (9) was given without proof in [1] as Detection 
Method 2.  
Using these estimations, it is possible to detect the two 
signals s2 and s3 by using (6). Once s2 and s3 are computed, 
equation (9) can be used to find s4 and s5 by using s2 and s3 as 
the pilot in place of s0 and s1 and by using the corresponding 
receive equations.   
We now carry on with the following further derivations 
which are not directly available from [1]. 
Similar to (2), using (6), we can form the following 
combinations: 
ݏଶ෥ ൌ ݄଴כ ݎଶ ൅ ݄ଵݎଷכ
ݏଷ෥ ൌ ݄ଵכݎଶ െ ݄଴ݎଷכ
(10)
Substitution of (9) into (10) leads to: 
ݏଶ෥ ൌ
ͳ
ο௦
ሾݏଵכሺݎ଴ݎଷכ െ ݎଵכݎଶሻ ൅ ݏ଴ሺݎ଴כݎଶ ൅ ݎଵݎଷכሻሿ
ݏଷ෥ ൌ
ͳ
ο௦
ሾݏଵሺݎ଴כݎଶ ൅ ݎଵݎଷכሻ െ ݏ଴כሺݎ଴ݎଷכ െ ݎଵכݎଶሻሿ
(11)
where Δs =|s0|2+|s1|2.
Equation (11) can also be written as:  
ݏଶ෥ ൌ
ͳ
ο௦
ሺܣݏଵכ ൅ ܤݏ଴ሻ
ݏଷ෥ ൌ
ͳ
ο௦
ሺܤݏଵ െ ܣݏ଴כሻ
(12)
Where A and B can be derived using (11), (5) and (6) as: 
ܣ ൌ ݎ଴ݎଷכ െ ݎଵכݎଶ 
ൌ ሺȁ݄଴ȁଶ ൅ ȁ݄ଵȁଶሻሺݏଵݏଶ െ ݏ଴ݏଷሻ ൅ ଵܰ
ܤ ൌ ݎ଴כݎଶ ൅ ݎଵݎଷכ
ൌ ሺȁ݄଴ȁଶ ൅ ȁ݄ଵȁଶሻሺݏ଴כݏଶ ൅ ݏଵכݏଷሻ ൅ ଶܰ
(13)
where N1 and N2 are noise terms.  
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It can be shown by substituting (13) into (12) that: 
ݏଶ෥ ൌ ሺȁ݄଴ȁଶ ൅ ȁ݄ଵȁଶሻݏଶ ൅ ଷܰ
ݏଷ෥ ൌ ሺȁ݄଴ȁଶ ൅ ȁ݄ଵȁଶሻݏଷ ൅ ସܰ
(14)
where N3 and N4 are noise terms. 
From the above; detailed derivation of the general 
formulae of the new detection scheme presented in [1], we 
now consider a special case of Δs =|s0|2+|s1|2=1 which means 
|s0|2=|s1|2=1/2 for PSK. In this case, equation (12) becomes: 
ݏଶ෥ ൌ ܣݏଵכ ൅ ܤݏ଴
ݏଷ෥ ൌ ܤݏଵ െ ܣݏ଴כ
(15)
Equations (13), (14) and (15) constitute Detection Method 
1 proposed by Tarokh and Alamouti in [1], with the same 
assumption that |s0|2=|s1|2=1/2. Therefore, we have 
demonstrated that this method is not a different method, but a 
special case of the second method. 
IV. DETECTION SCHEME FOR TWO TRANSMIT AND
TWO RECEIVE ANTENNA SYSTEMS 
In the following, the detection scheme is extended for 
MIMO wireless systems with two transmit antennas and two 
receive antennas.  First, the pilot is sent in order to estimate 
the channel. This will result in four equations at the receiver, 
one at time t and one at t+T for each receive antenna. Then the 
signals s2 and s3 are sent. 
At receive antenna one, equation (16) can be written for 
known s0 and s1:
ݎ଴ ൌ ݎሺݐሻ ൌ ݄଴ݏ଴ ൅ ݄ଵݏଵ ൅ ݊଴
ݎଵ ൌ ݎሺݐ ൅ ܶሻ ൌ െ݄଴ݏଵכ ൅ ݄ଵݏ଴כ ൅ ݊ଵ
(16)
And for transmitted symbols s2 and s3, we can write:  
ݎଶ ൌ ݎሺݐ ൅ ʹܶሻ ൌ ݄଴ݏଶ ൅ ݄ଵݏଷ ൅ ݊ଶ
ݎଷ ൌ ݎሺݐ ൅ ͵ܶሻ ൌ െ݄଴ݏଷכ ൅ ݄ଵݏଶכ ൅ ݊ଷ
(17)
For receive antenna two, we can write another four 
equations similarly. At time t and t+T, the received symbols 
are as follows: 
ݎସ ൌ ݎሺݐሻ ൌ ݄ଶݏ଴ ൅ ݄ଷݏଵ ൅ ݊ସ
ݎହ ൌ ݎሺݐ ൅ ܶሻ ൌ െ݄ଶݏଵכ൅݄ଷݏ଴כ ൅ ݊ହ
(18)
And for the transmitted symbols s2 and s3, we have: 
ݎ଺ ൌ ݎሺݐ ൅ ʹܶሻ ൌ ݄ଶݏଶ ൅ ݄ଷݏଷ ൅ ݊଺
ݎ଻ ൌ ݎሺݐ ൅ ͵ܶሻ ൌ െ݄ଶݏଷכ൅݄ଷݏଶכ ൅ ݊଻
(19)
The channels can be estimated from (16) and (18). As it 
has been done in Section III, equation (16) can be written in 
matrix form as:  
ቂ
ݎ଴
ݎଵቃ ൌ ቂ
ݏ଴ ݏଵ
െݏଵכ ݏ଴כ
ቃ ൤
݄଴
݄ଵ
൨ ൅ ቂ
݊଴
݊ଵቃ
(20)
and for (18): 
ቂ
ݎସ
ݎହቃ ൌ ቂ
ݏ଴ ݏଵ
െݏଵכ ݏ଴כ
ቃ ൤
݄ଶ
݄ଷ
൨ ൅ ቂ
݊ସ
݊ହቃ
(21)
In the same process as in Section III, with (20) and (21), 
the equations of channel estimations can be derived as given 
in (22) and (23) respectively.  
݄଴෪ ൌ
ݎ଴ݏ଴כ െ ݎଵݏଵ
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
ൌ ݄଴ ൅
ݏ଴כ݊଴ െ ݏଵ݊ଵ
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
݄ଵ෪ ൌ
ݎ଴ݏଵכ ൅ ݎଵݏ଴
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
ൌ ݄ଵ ൅
ݏଵכ݊଴ ൅ ݏ଴݊ଵ
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
(22)
݄ଶ෪ ൌ
ݎସݏ଴כ െ ݎହݏଵ
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
ൌ ݄ଶ ൅
ݏ଴כ݊ସ െ ݏଵ݊ହ
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
݄ଷ෪ ൌ
ݎସݏଵכ ൅ ݎହݏ଴
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
ൌ ݄ଷ ൅
ݏଵכ݊ସ ൅ ݏ଴݊ହ
ȁݏ଴ȁଶ ൅ ȁݏଵȁଶ
(23)
From [2], the formulas for estimation of signals s2 and s3
can be written based on (17) and (19) as 
ݏଶ෥ ൌ ݄଴כ ݎଶ ൅ ݄ଵݎଷכ ൅ ݄ଶכ ݎ଺ ൅ ݄ଷ ݎ଻כ
ݏଷ෥ ൌ ݄ଵכ ݎଶ െ ݄଴ݎଷכ൅݄ଷכ ݎ଺ െ ݄ଶ ݎ଻כ
(24)
By replacing h0, h1, h2, h3 in (24) by the corresponding 
expressions in (22) and (23), it can be derived: 
ݏଶ෥ ൌ
ͳ
ο௦
ሾݏଵכሺݎ଴ݎଷכ െ ݎଵכݎଶ ൅ ݎସݎ଻כ െ ݎହכݎ଺ሻ ൅
ݏ଴ሺݎ଴כݎଶ ൅ ݎଵݎଷכ ൅ ݎସכݎ଺ ൅ ݎହݎ଻כሻሿ
ݏଷ෥ ൌ 
ͳ
ο௦
ሾݏଵሺݎ଴כݎଶ ൅ ݎଵݎଷכ ൅ ݎସכݎ଺ ൅ ݎହݎ଻כሻ െ
ݏ଴כሺݎ଴ݎଷכ െ ݎଵכݎଶ ൅ ݎସݎ଻כ െ ݎହכݎ଺ሻሿ
(25)
Where Δs=|s0|2+|s1|2.
Equation (25) can also be written as: 
ݏଶ෥ ൌ
ͳ
ο௦
ሺܣݏଵכ ൅ ܤݏ଴ሻ
ݏଷ෥ ൌ
ͳ
ο௦
ሺܤݏଵ െ ܣݏ଴כሻ
(26)
 Where A and B can be obtained from (16), (17), (18), (19) 
and (25) as: 
ܣ ൌ ݎ଴ݎଷכ െ ݎଵכݎଶ ൅ ݎସݎ଻כ െ ݎହכݎ଺
ൌ οhሺݏଵݏଶ െ ݏ଴ݏଷሻ ൅ ଵܰ
ܤ ൌ ݎ଴כݎଶ ൅ ݎଵݎଷכ ൅ ݎସכݎ଺ ൅ ݎହݎ଻כ
ൌ οhሺݏ଴כݏଶ ൅ ݏଵכݏଷሻ ൅ ଶܰ
(27)
where Δh=|h0|2+|h1|2+|h2|2+|h3|2 and N1, N2 are the noisy 
terms.  
Substituting (27) into (26) yields: 
ݏଶ෥ ൌ οhݏଶ ൅ ଷܰ
ݏଷ෥ ൌ οhݏଷ ൅ ସܰ
(28)
where N3 and N4 are noise terms. 
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Assuming that the constellation points have equal energy 
normalized to 1/2, it can be deduced that the value of Δs is 
equal to 1. Thus, equation (26) can be simplified as: 
ݏଶ෥ ൌ ܣݏଵכ ൅ ܤݏ଴
ݏଷ෥ ൌ ܤݏଵ െ ܣݏ଴כ
(29)
The above special case can be used for PSK modulations. 
In the above, the detailed results have been derived for two 
receive antennas. Following the same procedure, the detection 
method can also be formulated for more receive antennas. 
V. DETECTION SCHEME FOR FOUR TRANSMIT
ANTENNAS AND ONE RECEIVE ANTENNA 
In this section, the method of detection for four transmit 
antennas and one receive antenna is presented. The half-rate 
complex G4 code [6] is used. The fading channels are assumed 
to be constant over 16 symbol periods. In this cases, the 
transmitted pilot symbols s0, s1, s2, s3 and received word r0,
r1,…, r7 are known at the receiver. The received signals can be 
found in (30).  
ݎ଴ ൌ ݎሺݐሻ ൌ ݄଴ݏ଴ ൅ ݄ଵݏଵ ൅ ݄ଶݏଶ ൅ ݄ଷݏଷ ൅ ݊଴
ݎଵ ൌ ݎሺݐ ൅ ܶሻ ൌ െ݄଴ݏଵ ൅ ݄ଵݏ଴ െ ݄ଶݏଷ ൅ ݄ଷݏଶ ൅ ݊ଵ
ݎଶ ൌ ݎሺݐ ൅ ʹܶሻ ൌ െ݄଴ݏଶ ൅ ݄ଵݏଷ ൅ ݄ଶݏ଴ െ ݄ଷݏଵ ൅ ݊ଶ
ݎଷ ൌ ݎሺݐ ൅ ͵ܶሻ ൌ െ݄଴ݏଷ െ ݄ଵݏଶ ൅ ݄ଶݏଵ ൅ ݄ଷݏ଴ ൅ ݊ଷ
ݎସ ൌ ݎሺݐ ൅ Ͷܶሻ ൌ ݄଴ݏ଴כ ൅ ݄ଵݏଵכ ൅ ݄ଶݏଶכ ൅ ݄ଷݏଷכ ൅ ݊ସ
ݎହ ൌ ݎሺݐ ൅ ͷܶሻ ൌ െ݄଴ݏଵכ ൅ ݄ଵݏ଴כ െ ݄ଶݏଷכ ൅ ݄ଷݏଶכ ൅ ݊ହ
ݎ଺ ൌ ݎሺݐ ൅ ͸ܶሻ ൌ െ݄଴ݏଶכ ൅ ݄ଵݏଷכ ൅ ݄ଶݏ଴כ െ ݄ଷݏଵכ ൅ ݊଺
ݎ଻ ൌ ݎሺݐ ൅ ͹ܶሻ ൌ െ݄଴ݏଷכ െ ݄ଵݏଶכ ൅ ݄ଶݏଵכ ൅ ݄ଷݏ଴כ ൅ ݊଻
(30)
The received equations for the transmitted symbols s4, s5,
s6 and s7 can be written as in (31). 
଼ݎ ൌ ݎሺݐ ൅ ͺܶሻ ൌ ݄଴ݏସ ൅ ݄ଵݏହ ൅ ݄ଶݏ଺ ൅ ݄ଷݏ଻ ൅ ଼݊
ݎଽ ൌ ݎሺݐ ൅ ͻܶሻ ൌ െ݄଴ݏହ ൅ ݄ଵݏସ െ ݄ଶݏ଻ ൅ ݄ଷݏ଺ ൅ ݊ଽ
ݎଵ଴ ൌ ݎሺݐ ൅ ͳͲܶሻ ൌ െ݄଴ݏ଺ ൅ ݄ଵݏ଻ ൅ ݄ଶݏସ െ ݄ଷݏହ ൅ ݊ଵ଴
ݎଵଵ ൌ ݎሺݐ ൅ ͳͳܶሻ ൌ െ݄଴ݏ଻ െ ݄ଵݏ଺ ൅ ݄ଶݏହ ൅ ݄ଷݏସ ൅ ݊ଵଵ
ݎଵଶ ൌ ݎሺݐ ൅ ͳʹܶሻ ൌ ݄଴ݏସכ ൅ ݄ଵݏହכ ൅ ݄ଶݏ଺כ ൅ ݄ଷݏ଻כ ൅ ݊ଵଶ
ݎଵଷ ൌ ݎሺݐ ൅ ͳ͵ܶሻ ൌ െ݄଴ݏହכ ൅ ݄ଵݏସכ െ ݄ଶݏ଻כ ൅ ݄ଷݏ଺כ ൅ ݊ଵଷ
ݎଵସ ൌ ݎሺݐ ൅ ͳͶܶሻ ൌ െ݄଴ݏ଺כ ൅ ݄ଵݏ଻כ ൅ ݄ଶݏସכ െ ݄ଷݏହכ ൅ ݊ଵସ
ݎଵହ ൌ ݎሺݐ ൅ ͳͷܶሻ ൌ െ݄଴ݏ଻כ െ ݄ଵݏ଺כ ൅ ݄ଶݏହכ ൅ ݄ଷݏସכ ൅ ݊ଵହ
(31)
Where r8, r9,…, r15 are also known at the receiver. 
 Equations (30) can be written in the matrix format in (32): 
ۏ
ێ
ێ
ێ
ێ
ێ
ێ
ۍ
ݎ଴
ݎଵ
ݎଶ
ݎଷ
ݎସ
ݎହ
ݎ଺
ݎ଻ے
ۑ
ۑ
ۑ
ۑ
ۑ
ۑ
ې
ൌ
ۏ
ێ
ێ
ێ
ێ
ێ
ێ
ۍ
ݏ଴
െݏଵ
െݏଶ
െݏଷ
ݏ଴כ
െݏଵכ
െݏଶכ
െݏଷכ
ݏଵ
ݏ଴
ݏଷ
െݏଶ
ݏଵכ
ݏ଴כ
ݏଷכ
െݏଶכ
ݏଶ
െݏଷ
ݏ଴
ݏଵ
ݏଶכ
െݏଷכ
ݏ଴כ
ݏଵכ
ݏଷ
ݏଶ
െݏଵ
ݏ଴
ݏଷכ
ݏଶכ
െݏଵכ
ݏ଴כ ے
ۑ
ۑ
ۑ
ۑ
ۑ
ۑ
ې
൦
݄଴
݄ଵ
݄ଶ
݄ଷ
൪ ൅ ቎
݊଴
݊ଵ
݊ଶ
݊ଷ
቏ (32)
The equations for the channel estimation can be derived 
from (32) as: 
݄଴෪ ൌ
ݎ଴ݏ଴כ െ ݎଵݏଵכ െ ݎଶݏଶכ െ ݎଷݏଷכ ൅ ݎସݏ଴ െ ݎହݏଵ െ ݎ଺ݏଶ െ ݎ଻ݏଷ
ʹሺȁݏ଴ȁଶ ൅ ȁݏଵȁଶ ൅ ȁݏଶȁଶ ൅ ȁݏଷȁଶሻ
݄ଵ෪ ൌ
ݎ଴ݏଵכ ൅ ݎଵݏ଴כ ൅ ݎଶݏଷכ െ ݎଷݏଶכ ൅ ݎସݏଵ ൅ ݎହݏ଴ ൅ ݎ଺ݏଷ െ ݎ଻ݏଶ
ʹሺȁݏ଴ȁଶ ൅ ȁݏଵȁଶ ൅ ȁݏଶȁଶ ൅ ȁݏଷȁଶሻ
݄ଶ෪ ൌ
ݎ଴ݏଶכ െ ݎଵݏଷכ ൅ ݎଶݏ଴כ ൅ ݎଷݏଵכ ൅ ݎସݏଶ െ ݎହݏଷ ൅ ݎ଺ݏ଴ ൅ ݎ଻ݏଵ
ʹሺȁݏ଴ȁଶ ൅ ȁݏଵȁଶ ൅ ȁݏଶȁଶ ൅ ȁݏଷȁଶሻ
݄ଷ෪ ൌ
ݎ଴ݏଷכ ൅ ݎଵݏଶכ െ ݎଶݏଵכ ൅ ݎଷݏ଴כ ൅ ݎସݏଷ ൅ ݎହݏଶ െ ݎ଺ݏଵ ൅ ݎ଻ݏ଴
ʹሺȁݏ଴ȁଶ ൅ ȁݏଵȁଶ ൅ ȁݏଶȁଶ ൅ ȁݏଷȁଶሻ
(33)
The formulas for the combined signals can be written 
based on (31) as [7]. 
ݏସ෥ ൌ ݄଴כ ଼ݎ ൅ ݄ଵכ ݎଽ ൅ ݄ଶכ ݎଵ଴൅݄ଷכݎଵଵ ൅
݄଴ ݎଵଶכ ൅ ݄ଵ ݎଵଷכ ൅ ݄ଶݎଵସכ ൅ ݄ଷݎଵହכ
ݏହ෥ ൌ ݄ଵכ଼ݎ െ ݄଴כݎଽ െ ݄ଷכ ݎଵ଴൅݄ଶכ ݎଵଵ ൅
݄ଵݎଵଶכ െ ݄଴ݎଵଷכ െ ݄ଷݎଵସכ ൅ ݄ଶݎଵହכ
ݏ଺෥ ൌ ݄ଶכ଼ݎ ൅ ݄ଷכ ݎଽ െ ݄଴כݎଵ଴െ݄ଵכݎଵଵ ൅
݄ଶݎଵଶכ ൅ ݄ଷݎଵଷכ െ ݄଴ݎଵସכ െ ݄ଵݎଵହכ
ݏ଻෥ ൌ ݄ଷכ ଼ݎ െ ݄ଶכ ݎଽ ൅ ݄ଵכݎଵ଴െ݄଴כ ݎଵଵ ൅
݄ଷ ݎଵଶכ െ ݄ଶ ݎଵଷכ ൅ ݄ଵݎଵସכ െ ݄଴ݎଵହכ
(34)
Replacing the channels by their estimated expressions 
obtained in (33) and therefore (34) becomes:  
ݏସ෥ ൌ
ͳ
ʹο௦
ሺܣݏ଴ ൅ ܤݏଵ ൅ ܥݏଶ ൅ ܦݏଷ ൅ ܧݏ଴כ ൅ ܨݏଵכ ൅ ܩݏଶכ ൅ ܪݏଷכሻ
ݏହ෥ ൌ
ͳ
ʹο௦
ሺെܤݏ଴ ൅ ܣݏଵ ൅ ܦݏଶ െ ܥݏଷ െ ܨݏ଴כ ൅ ܧݏଵכ ൅ ܪݏଶכ െ ܩݏଷכሻ
ݏ଺෥ ൌ
ͳ
ʹο௦
ሺെܥݏ଴ െ ܦݏଵ ൅ ܣݏଶ ൅ ܤݏଷ െ ܩݏ଴כ െ ܪݏଵכ ൅ ܧݏଶכ ൅ ܨݏଷכሻ
ݏ଻෥ ൌ
ͳ
ʹο௦
ሺെܦݏ଴ ൅ ܥݏଵ െ ܤݏଶ ൅ ܣݏଷ െ ܪݏ଴כ ൅ ܩݏଵכ െ ܨݏଶכ ൅ ܧݏଷכሻ
(35)
where Δs =|s0|2+|s1|2+|s2|2+|s3|2 and A, B, C, D, E, F, G and H 
are given in (36). 
ܣ ൌ ݎ଴כ଼ݎ ൅ ݎଵכݎଽ ൅ ݎଶכݎଵ଴ ൅ ݎଷכݎଵଵ ൅ ݎସݎଵଶכ ൅ ݎହݎଵଷכ ൅ ݎ଺ݎଵସכ ൅ ݎ଻ݎଵହכ
ൌ ʹοhሺݏ଴כݏସ ൅ ݏଵכݏହ ൅ ݏଶכݏ଺ ൅ ݏଷכݏ଻ሻ ൅ ଵܰ
ܤ ൌ െݎଵכ଼ݎ ൅ ݎ଴כݎଽ ൅ ݎଷכݎଵ଴ െ ݎଶכݎଵଵ െ ݎହݎଵଶכ ൅ ݎସݎଵଷכ ൅ ݎ଻ݎଵସכ െ ݎ଺ݎଵହכ
ൌ ʹοhሺݏଵכݏସ െ ݏ଴כݏହ ൅ ݏଷכݏ଺െݏଶכݏ଻ሻ ൅ ଶܰ
ܥ ൌ െݎଶכ଼ݎ െ ݎଷכݎଽ ൅ ݎ଴כݎଵ଴ ൅ ݎଵכݎଵଵ െ ݎ଺ݎଵଶכ െ ݎ଻ݎଵଷכ ൅ ݎସݎଵସכ െ ݎହݎଵହכ
ൌ ʹοhሺݏଶכݏସ െ ݏଷכݏହ െ ݏ଴כݏ଺൅ݏଵכݏ଻ሻ ൅ ଷܰ
ܦ ൌ െݎଷכ଼ݎ ൅ ݎଶכݎଽ െ ݎଵכݎଵ଴ ൅ ݎ଴כݎଵଵ െ ݎ଻ݎଵଶכ ൅ ݎ଺ݎଵଷכ െ ݎହݎଵସכ ൅ ݎସݎଵହכ
ൌ ʹοhሺݏଷכݏସ ൅ ݏଶכݏହ െ ݏଵכݏ଺െݏ଴כݏ଻ሻ ൅ ସܰ
ܧ ൌ ݎସכ଼ݎ ൅ ݎହכݎଽ ൅ ݎ଺כݎଵ଴ ൅ ݎ଻כݎଵଵ ൅ ݎ଴ݎଵଶכ ൅ ݎଵݎଵଷכ ൅ ݎଶݎଵସכ ൅ ݎଷݎଵହכ 
ൌ ʹοh൫ݏͲݏͶ ൅ ݏͳݏͷ ൅ ݏʹݏ͸ ൅ ݏ͵ݏ͹൯ ൅ ହܰ
ܨ ൌ െݎହכ଼ݎ ൅ ݎସכݎଽ ൅ ݎ଻כݎଵ଴ െ ݎ଺כݎଵଵ െ ݎଵݎଵଶכ ൅ ݎ଴ݎଵଷכ ൅ ݎଷݎଵସכ െ ݎଶݎଵହכ
ൌ ʹοh൫ݏͳݏͶ െ ݏͲݏͷ ൅ ݏ͵ݏ͸ െ ݏʹݏ͹൯ ൅ ଺ܰ
ܩ ൌ െݎ଺כ଼ݎ െ ݎ଻כݎଽ ൅ ݎସכݎଵ଴ ൅ ݎହכݎଵଵ െ ݎଶݎଵଶכ െ ݎଷݎଵଷכ ൅ ݎ଴ݎଵସכ ൅ ݎଵݎଵହכ
ൌ ʹοh൫ݏʹݏͶ െ ݏ͵ݏͷ െ ݏͲݏ͸ ൅ ݏͳݏ͹൯ ൅ ଻ܰ
ܪ ൌ െݎ଻כ଼ݎ ൅ ݎ଺כݎଽ െ ݎହכݎଵ଴ ൅ ݎସכݎଵଵ െ ݎଷݎଵଶכ ൅ ݎଶݎଵଷכ െ ݎଵݎଵସכ ൅ ݎ଴ݎଵହכ
ൌ ʹοh൫ݏ͵ݏͶ ൅ ݏʹݏͷ െ ݏͳݏ͸ െ ݏͲݏ͹൯ ൅ ଼ܰ
(36)
Where Δh=|h0|2+|h1|2+|h2|2+|h3|2and N1, …, N8 are the noisy 
terms.  
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Substituting (36) into (35), the final equations for the 
signal detections can be derived as (37): 
ݏସ෥ ൌ οhݏସ ൅ ଽܰ
ݏହ෥ ൌ οhݏହ ൅ ଵܰ଴
ݏ଺෥ ൌ οhݏ଺ ൅ ଵܰଵ
ݏ଻෥ ൌ οhݏ଻ ൅ ଵܰଶ
(37)
where N9, N10, N11 and N12 are the noisy terms. 
 Following the same procedure as used for two transmit 
antennas and two receive antennas, the derivations for the 
channel estimation and signal detection can also be conducted 
for four transmit antennas and more receive antennas. 
                                         
VI. RESULTS 
In the following, simulation results are provided for the 
detection methods proposed in this work. Results for two and 
four transmit antennas with one; two, three and four receive 
antennas are presented. All simulations were realized in the 
same condition, using Rayleigh fading and QPSK modulation. 
Figure 2 shows the simulation results for two transmit 
antennas with known CSI and using the detection method 
proposed in this paper (no CSI). The simulation results for 
four transmit antennas with and without CSI are given in fig 3. 
The results in both figures show a 3 dB loss of the detection 
method compared with the ideal channel case. 
Fig. 2. Detection for two transmit antennas using QPSK 
Fig. 3. Detection for four transmit antennas using QPSK 
VII. CONCLUSIONS 
In this paper, we have further studied the detection scheme 
proposed by Tarokh and Alamouti in [1]. A comprehensive 
derivation of detection formulas has been conducted and we 
have demonstrated that the two detection methods are actually 
the same, with one being a special case only. In this paper, we 
have also extended Tarokh and Alamouti’s detection scheme 
to wireless systems using two transmit antennas and four 
transmit antennas for up to four receive antennas. Detailed 
derivations and simulations results of these extensions have 
been given.  
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